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A simple, specific method is presented for simultaneous determination of voriconazole and itraconazole and
its metabolite, hydroxyitraconazole, in human serum using one-step liquid-liquid extraction and high-perfor-
mance liquid chromatography. Linearity tests ranged from 0.1 to 8.0 �g/ml; the minimum detectable concen-
tration was 0.03 �g/ml.

Itraconazole (ITZ) and voriconazole (VRC) are two broad-
spectrum antifungal triazole derivates (1, 6, 16) used for a wide
range of invasive and opportunistic fungal infections. These
drugs are often given to seriously ill patients receiving other
drugs (e.g., immunosuppressants), with the consequent danger
of serious drug interactions (3). As the metabolite hydroxyitra-
conazole (H-ITZ) is biologically active and can appear in con-
centrations nearly twice those of the unaltered drug in the
steady state (8, 9), it is imperative to measure both ITZ and
H-ITZ to fully evaluate patient samples.

Early clinical studies suggested that treatment with VRC
carries some risk of toxicity, and plasma VRC concentrations
of �6 �g/ml were associated with occasional liver function
abnormalities (5). For a clinically useful plasma concentration,
levels below 0.5 �g/ml may not be therapeutic while those
above 8.0 �g/ml may be unnecessarily high (7, 11, 14).

The quantification of plasma concentrations of VRC and
ITZ is warranted in patients with severe fungal functions and
is very important for determining an optimal toxicological pro-
file and drug tolerance in humans.

Several high-performance liquid chromatography (HPLC)
assays using UV detection (4, 13, 17, 18) or mass spectrometry
(2, 19, 20) have been reported for determining serum levels of
voriconazole and itraconazole. The liquid chromatography
(LC)-mass spectrometry methods are superior to LC-UV
methods but are expensive and not generally available. Itra-
conazole and its active metabolite can also be measured by
biological methods (12, 15), but the chromatographic methods
are more specific and sensitive than bioassays (10). No
HPLC-UV method has yet been published that allows simul-
taneous determination of ITZ, H-ITZ, and VRC in the ther-
apeutically relevant range. The goal of the present study was to

TABLE 1. Accuracy and intra- and interday precision data for measurement of itraconazole, hydroxyitraconazole,
and voriconazole in human serum

Sample/analyte Amt of analyte
added (�g/ml)

Intraday run (n � 6) Interday run (n � 6)

Amt of analyte detected
(mean �g/ml � SD) CV (%) Bias (%) Amt of analyte detected

(mean �g/ml � SD) CV (%) Bias (%)

Itraconazole
0.75 0.735 � 0.068 9.2 �2.0 0.721 � 0.071 9.9 �4.0
3.00 3.066 � 0.115 3.8 2.2 2.912 � 0.071 2.4 �3.0
6.00 5.888 � 0.187 3.2 �1.9 5.808 � 0.143 2.5 �3.3

Hydroxyitraconazole
0.75 0.732 � 0.026 3.4 1.8 0.763 � 0.033 4.3 1.7
3.00 3.020 � 0.062 2.1 0.7 2.918 � 0.115 3.9 �2.8
6.00 6.122 � 0.097 1.6 2.0 5.990 � 0.092 1.6 �0.2

Voriconazole
0.75 0.758 � 0.070 9.3 1.1 0.784 � 0.041 5.2 4.3
3.00 2.978 � 0.105 3.5 �0.8 3.083 � 0.203 6.6 2.7
6.00 6.110 � 0.158 2.6 1.8 5.795 � 0.122 2.1 �3.6
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develop a fast and economical isocratic HPLC-UV method for
the simultaneous determination of ITZ, H-ITZ, and VRC in
serum with simple sample preparation.

All analytical reagents were purchased from Merck (Stutt-
gart, Germany). Voriconazole was kindly supplied by Pfizer
(Vienna, Austria), and pure itraconazole, hydroxyconazole,
and ketoconazole were supplied by Janssen (Beers, Belgium).
Standard stock solutions were prepared in methanol and con-
sisted of 1.0 mg/ml of ITZ, H-ITZ, and VRC, respectively. The
concentration of the internal standard ketoconazole (methan-
olic solution) was 30 �g/ml. All standard solutions were stored
at �20°C.

One milliliter of calibrator, quality control (QC), or patient
sample was pipetted into a 10-ml glass tube with screw cap,
followed by addition of 100 �l internal standard. The mixture
was then vortexed for 10 s. For extraction, 5 ml of extraction
solvent heptane-isoamyl alcohol (90:10 [vol/vol]) was added;
the tubes were briefly vortexed for 5 min and then centrifuged
at 5,000 � g for 5 min. The organic layer was transferred into
a conical glass tube and evaporated to dryness at 50°C under a
gentle stream of nitrogen gas. The residue was reconstituted
with 150 �l of mobile phase.

The HPLC system (Merck-Hitachi, Stuttgart, Germany)
consisted of an isocratic pump with a wavelength detector; the
detector signals were recorded with an HP Chemstation and
integrator, using an automatic sampling system. The separa-
tion was carried out on a 250-mm � 4.6-mm inside-diameter
reverse-phase column (Zorbax SB-C18, 5 �m) maintained at
40°C. The mobile phase consisted of 50 mM phosphate buffer,
pH 6.0 (adjusted with 1 M KOH), acetonitrile, and methanol
(35:45:20 [vol/vol/vol]); the flow rate was 1.7 ml/min. Detection
was at 255 nm, and the injected volume was 30 �l.

Figure 1 illustrates the influence of the biological matrix with
typical chromatograms of blank serum (Fig. 1A) and pooled
human serum spiked with 1.0 �g/ml of each drug (Fig. 1B), as
well as a serum sample obtained from a patient undergoing
VRC treatment with a concentration of 2.14 �g/ml (Fig. 1C).
No peaks were seen to interfere with the peaks of either the
drugs or the internal standard. The retention times were 2.56
min for voriconazole, 4.97 min for ketoconazole (internal stan-
dard), 6.22 min for hydroxyitraconazole, and 15.46 min for
itraconazole.

This method was evaluated for accuracy, linearity, specific-
ity, and precision (expressed as the percent coefficient of vari-
ation [%CV]). We constructed calibration curves for each
component with six concentrations ranging from 0.1 to 8.0
�g/ml (0.1, 0.5, 1.0, 2.0, 4.0, and 8.0 �g/ml).

The calibration curves showed an excellent linear relation-
ship between the peak height ratio for drug and internal stan-
dard. The correlation coefficient (r) was greater than 0.996 in
all compounds (n � 5). The limit of quantitation was deter-
mined as the lowest concentration of standard (0.1 �g/ml), and
the limit of detection, defined as the concentration of drug
giving a signal-to-noise ratio of �3:1, was 0.03 �g/ml for all
drugs. Intra- and interday precision and accuracy were assessed
by analyzing three quality control samples (nominal values of
0.75, 3.0, and 6.0 �g/ml, stored at �70°C) at each concentra-
tion on the same day and mean values of three QCs for 6 days.
Intraday %CVs for itraconazole, hydroxconazole, and voricon-
azole were 2.2%, 1.6% and 2.6%, respectively. Interday %CVs
for the corresponding compounds were 2.5%, 1.6% and 2.1%
(Table 1), respectively.

The effect of repeated freezing (�70°C) and thawing at
ambient temperature (25°C) was tested using the QC samples
(five replicates/concentration). The experiments showed that
serum and precipitates containing VRC, ITZ, and H-ITZ can
be stored for 1 week without any change in the material. The
sample extract was stable after extraction over 24 h in the
autosampler tray.

To determine recovery, known concentrations of VRC, ITZ,
and H-ITZ were added to the pooled patient serum samples
and the concentrations were determined in five replicates. The

FIG. 1. Representative chromatograms of VRC, ITZ, H-ITZ and
the internal standard (IS [ketoconazole]) in human serum. (A) blank
human serum; (B) pooled human serum spiked with 1.0 �g/ml of each
compound; (C) serum samples obtained from patient with VRC con-
centration of 2.14 �g/ml.
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mean rates of recovery at a range of concentrations of 0.5, 1.0,
2.5, and 5.0 �g/ml for the three compounds were 95.7% for
ITZ, 97.7% for H-ITZ, and 96.5% for VRC.

Our HPLC-UV method enables reliable quantification of
voriconazole and itraconazole and its metabolite in serum. The
short and relatively simple sample preparation and ease of use
make it suitable for routine determinations. The advantage of
this cost- and time-effective method is that two different drug
samples can be analyzed with the same sample preparation and
the same chromatographic conditions, which is particularly
helpful when patients are receiving both drugs.
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